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Introduction
Venous thromboembolism (VTE) after hip and knee total joint arthroplasty (TJA) can result in consequences that range from deep vein thrombosis (DVT) and postphlebitis Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. syndromes to saddle pulmonary embolus (PE) and death. The incidence of DVT when no prophylaxis is given ranges from 40% to 84% in patients undergoing TKA and 39% to 74% in patients undergoing THA [12, 30] . On the other hand, fatal PE associated with TJA is less common, ranging in incidence from 0.19% to 3.4% [19, 20, 30] . The goal of VTE prevention, detection, and treatment is to minimize the associated morbidity and mortality. Clinicians depend on imaging studies for diagnosis, because the history and physical examination are neither sensitive nor specific tools for making this diagnosis.
Multidetector row CT pulmonary angiography (CTPA) was introduced in 1998 as a highly sensitive test for diagnosing PE, replacing ventilation-perfusion scans. By 2006, several institutions reported a seven-to 13-fold increase in the use of CTPA [1, 9, 28, 34] . CTPA is now widely used by clinicians and considered the gold standard for diagnosing PE.
Because of the sensitivity of CTPA, small emboli may be detected that may not have any clinical significance. There is published literature suggesting that the introduction of CTPA may be associated with overdiagnosis, defined as the increase in detection of an abnormality that will never cause harm or death [29, 32] . Overdiagnosis of PE may explain the nationwide increase in the incidence of PE since the introduction of CTPA in 1998 [23] . Although clinically insignificant PEs are not harmful, substantial morbidity can be associated with the treatment of such emboli. Anticoagulation therapy can carry significant risks that include bleeding, wound complications, thrombocytopenic reaction, and death.
To our knowledge, the introduction of CTPA in the diagnosis of PE in patients undergoing primary TJA and the consequences of treatment have not been investigated. The purpose of this study was to assess the changing prevalence of PE, mortality, complications, and resource consumption associated with the treatment of PE after TJA both before and after the introduction of CTPA using a large, nationally representative database.
Patients and Methods
The Nationwide Inpatient Sample (NIS) was used to identify 8,656,919 patients who underwent primary THA and TKA in the United States between January 1, 1993, and December 31, 2008. This timeframe encompasses the 5 years before the introduction of CTPA (1993-1998) and the available years of data after its introduction (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) [32] . The NIS is a stratified, statistically valid survey of hospitals conducted by the federal Healthcare Cost and Utilization Project [15] . Hospitals are randomly selected to achieve an approximately 20% sample of the universe of hospitals. Sampling weights are provided to produce the national estimates. All discharge records from each of the selected hospitals are collected and form part of the NIS file for a given year. Because of the large size of the database, the NIS is particularly well suited for epidemiological studies related to specific procedures or diseases in the national population [3, 4] .
The International Classification of Diseases, 9 th Revision, Clinical Modification (ICD-9-CM) procedure codes were used to identify procedures (codes 81.51 and 81.54), the diagnosis of PE (415.11 and 415.9), and potential inhospital complications of anticoagulation for PE if these ICD-9 codes appeared in any of the 14 secondary diagnosis fields. Potential complications examined included gastrointestinal tract hemorrhage, coded as published by Witt et al. [33] , drug-induced thrombocytopenia (code 287.4), hematoma/seroma (code 998.1X), and postoperative infection (code 998.5) [14, 24] . We also determined length of stay and total charges adjusted for inflation to 2008 US dollars to quantify the economic impact of the complications.
Of the total sample of 8,656,919 procedures, 35% were THAs and 65% were TKAs. Mean patient age was 67 years (range, 30-113 years), 61.5% were females, and the overall incidence of PE for the entire study period was 0.35%.
All statistical analyses were performed using SPSS Version 20 for Windows (IBM Corp, Armonk, NY, USA). Descriptive statistics were obtained for all variables used within the study. Missing values were excluded for the purpose of this analysis. Independent sample t-tests and chi-square analysis were used for bivariate comparisons. Multivariate modeling with logarithmic transformation was used to examine the risk-adjusted association between patients with and without PE. Each model was adjusted for the confounders of age, sex, type of procedure, and baseline comorbidities using the Deyo index [8] . Odds ratios were calculated with their respective 95% confidence intervals. For all comparisons and regressions, statistical significance was assigned at the p \ 0.01 level given our large sample size with the increased probability of falsepositive results (type I error).
Results
The prevalence of PE after TJA did not significantly change during the initial 5-year period before CTPA, but increased (p \ 0.001) by 40% after CTPA was introduced, rising from an average of 0.27% in the first period to 0.37% in the second period ( Fig. 1 ). All-cause mortality was higher (p \ 0.001) in patients with the diagnosis of PE versus those without regardless of the study period (Table 1 ). However, mortality for patients with a diagnosis of PE decreased (p \ 0.001) substantially from 11.5% before the introduction of CTPA to 4.6% after 1998. In our regression model, which controlled for age, sex, type of procedure, and baseline comorbidities, the odds ratio of mortality with a PE decreased after the introduction of CTPA from 38 to 28.
The diagnosis of PE was associated with increased (p \ 0.001) risks for hematoma/seroma, postoperative infection, gastrointestinal bleed, and drug-related thrombocytopenia regardless of the study period (Table 1 ). In general, the reported prevalence of these complications (except drugrelated thrombocytopenia) significantly decreased (p \ 0.001) after the introduction of CTPA ( Table 2) .
The diagnosis of PE carried a significant increase (p \ 0.001) in hospital length of stay (8.5 days versus 3.9 days) in the post-CTPA group. Length of stay after TJA progressively trended down during the study period, averaging 5.7 days pre-and 4 days post-CTPA. In the first period, 
Discussion
VTE prophylaxis, diagnosis, and treatment modalities remain a concern as the rate of TJA continues to increase. Reported rates of symptomatic and asymptomatic DVT after TKA are approximately 40% to 50% when no prophylaxis is given and 16% to 27% when VTE prophylaxis is prescribed [10, 13, 18] . The rate of symptomatic VTE in patients undergoing TKA receiving prophylaxis is 1.3% to 2.3% [10, 11, 27] . The rate of PE in this population is generally reported with an incidence of less than 0.8% [6, 31] , although there has been inconsistency regarding the incidence of VTE in association with TJA over the last 10 to 15 years [2, 16] . The purpose of this study was to analyze similar epidemiologic data as it pertains to patients undergoing primary TJA, specifically to assess the changing prevalence of PE along with the mortality, complications, and resource consumption associated with the treatment of PE after TJA both before and after the introduction of CTPA using a large, nationally representative database. Many of the limitations of our study are inherent in the analysis of large administrative databases such as the NIS. Incomplete data collection, uncertain compliance and accuracy of coding related to diagnosis and procedures performed, and lack of detailed clinical information are all concerns. White et al. [31] have reported on the limitations of using the NIS for reporting PE (current versus historic embolism) and it is likely that this is reflected in our data. Also, with the current data, it is not possible to assess which PEs are clinically significant and which are not. Certain events such as postoperative hematoma are also open to a certain amount of subjective interpretation and potential for observer bias. Finally, given the nature of the data, direct mortality attributable to PE cannot be confirmed and we can merely report cooccurrence. These recognized limitations are inherent to all studies using this database design and could potentially be improved through prospective data collection. Despite these limitations, the large number of patients with PE included in our analysis provides unique and previously unavailable insight into the impact of this comorbidity and its treatment after primary joint arthroplasty throughout the United States.
The selection of 1998 as the time for introduction of CTPA has been used before [32] , although there was not an universal uniform adoption of this test across the United States at the same time and we acknowledge this as a limitation of this study. However, a more progressive and gradual transition from the V/Q scan to CTPA during the initial years after 1998 may mean that the significant differences that we found are in fact underrepresented and that the difference in case-fatality rate is underestimated.
Since the introduction of CTPA in 1998, there has been an overall increase in the reported prevalence of PE nationwide [23] . This increase in the diagnosis of PE is concerning and may suggest that the widespread adoption of CTPA at the time of this observed increase may represent a phenomenon of overdiagnosis. This term can be defined as the increased detection of an abnormality that will never cause harm or death [29, 32] . Clinically insignificant emboli are more easily detected with CTPA, leading to more positive test results and thus a higher overall detection of PE. The present study demonstrates an average increase in PE diagnosis after TJA from 0.27% before the introduction of CTPA to 0.37% after 1998. This correlates with findings of an overall increase in the frequency of detection of PE in the general population [32] . A closer look at the epidemiology encompassing the recent increase in the diagnosis of PE suggests that associated mortality from PE has changed little and casefatality has actually decreased [9] . Similarly, we also found that mortality associated with the diagnosis of PE decreased substantially from 11.5% to 4.6% after introduction of CTPA. Overdiagnosis may explain both the increased prevalence and decreased case-fatality observed. A decrease in case-fatality (the number of death/people diagnosed) may be attributable to inflation of the denominator as a result of an increased detection of clinically insignificant emboli. In this scenario, patients do not benefit from the increased sensitivity of CTPA, which detects more nonfatal PEs without reducing the number of fatal PEs, leaving patients still subject to potential harm from treatment. However, an alternative explanation exists. A decreased case-fatality rate could also be explained by the earlier diagnosis and improved sensitivity of PE detection afforded by the use of CTPA, which in turn reduces the number of fatal PEs. If the more sensitive CTPA detects more PEs and patients benefit from treatment, then CTPA becomes an effective test that may lead to fewer deaths. Whether patients benefit from the more sensitive test or are subject to potential iatrogenic harm without a death reduction benefit remains a question that cannot be answered by this study.
Our study does clearly demonstrate that the diagnosis of PE is associated with increased risks for morbidity and mortality. Although PE can lead to complications and death as a result of the disease process itself, the treatment of patients diagnosed with PE is not trivial and carries iatrogenic risks. The diagnosis of PE generally requires immediate anticoagulation. Complications associated with anticoagulation in the TJA population include bleeding, postoperative infection, a higher rate of blood product transfusion, and drug thrombocytopenia. Surgical site bleeding increases the risk of neurologic damage, infection, reoperation, and delays recovery [5, 7, 14, 17, 25, 26] . Neviaser et al. found that postoperative therapeutic enoxaparin treatment had a 10% rate of major and a 27% rate of minor bleeding complications in TJA patients [21] . Our study demonstrates that the diagnosis of PE was associated with increased risks of hematoma/seroma, postoperative infection, gastrointestinal bleed, and thrombocytopenia compared with patients who did not have this diagnosis. When comparing these treatment-related complications before and after the introduction of CTPA, the overall prevalence has decreased in patients with PE. To our knowledge, this finding has not been previously reported in patients undergoing primary TJA.
The diagnosis of PE also carried a significant increase in hospital length of stay. Similar differences of 5 days on average have been published in similar healthcare databases for patients undergoing primary TJA with postoperative VTE [22] . In our study, length of stay decreased overall from an average of 5.7 days in 1993 to 4 days in 2008. This decrease is likely related to improved postoperative pathways and more aggressive attempts to reduce length of inpatient stay. Patients diagnosed with PE had double the length of stay compared with those without a PE, a pattern that did not change after the introduction of CTPA. The increase in total charges associated with PE diagnosis in both time periods was also similar, suggesting the relative cost associated with PE diagnosis on a case-bycase basis has not dramatically changed.
There appears to be a correlation with the introduction of CTPA in 1998 and an increased diagnosis of PE after primary TJA. Case-fatality decreased in the observed time period, the explanation for which remains unknown; although the introduction of CTPA may have led to improvement in treatments and fewer deaths, there is concern that the increased sensitivity of CTPA has led to overdiagnosis of patients with nonfatal disease who do not benefit from intervention. Our data show that the diagnosis of PE is associated with potential iatrogenic harm from anticoagulation in addition to increasing length of stay and monetary cost. Further study is needed to determine the clinical significance of PE detected by CTPA and determine appropriate treatment algorithms that balance the risk of death versus the risk of iatrogenic harm from treatment. With the increased sensitivity offered by CTPA for diagnosing the size and anatomic location of PE, and given the association of anticoagulation therapy with postoperative complications, research-based guidelines are warranted to help determine a therapeutic or observational approach to emboli which may be clinically or physiologically insignificant.
